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 13 
The Middle to Late Miocene Brassington Formation from the Peak District in 14 
Derbyshire, central UK, has yielded a diverse vegetation assemblage, but until now there 15 
have been no reports of fungal remains. Here we describe three new species of fossil 16 
fungal palynomorphs from the Kenslow Member of the Brassington Formation. The taxa 17 
have been assigned to the Chaetosphaeriaceae and Pyrenulales, respectively, and were 18 
most likely saprophytic members of the community. The extant living relatives of the 19 
new fossil fungi are commonly found on decaying wood, often submerged in freshwater. 20 
A saprobic ecology on submerged decaying wood is consistent with sedimentological 21 
evidence that shows the Kenslow Member was deposited in a lacustrine or wetland 22 
environment. This is the first reported occurrence of the genera Rhexoampullifera in the 23 
fossil record. 24 
 25 
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 28 
1. Introduction 29 
The Brassington Formation of central England (Fig. 1) is the most extensive onshore terrestrial 30 
Miocene deposit in the UK (Boulter et al., 1971; Walsh et al., 2018). The formation is 31 
subdivided twice into the Kirkham, Bees Nest and Kenslow members (Fig. 1; Boulter et al., 32 
1971). The Kirkham Member is predominantly unconsolidated and semi-consolidated sand with 33 
occasional pebble layers and is unfossiliferous (Boulter et al., 1971; Walsh et al., 1972; 1980). 34 
The Bees Nest Member comprises vari-coloured clays and has also proven unfossiliferous to 35 
date, though ongoing exploration has returned samples that show promise of yielding 36 
palynomorphs (Boulter et al., 1971; Walsh et al., 1972; 1980). It is the Kenslow Member that has 37 
yielded fossil plant material (Boulter, 1971; Pound et al., 2012; Pound & Riding, 2016). Fossil 38 
wood, leaves and seeds have been reported, but represent a low diversity assemblage (Boulter & 39 
Chaloner, 1970; Boulter, 1971). The fossil pollen has not only revealed a greater diversity of 40 
plant species, but has been the only means to date the formation (Boulter, 1971; Pound et al., 41 
2012; Pound & Riding, 2016). Recent re-analysis of the Kenslow Member has shown that its 42 
deposition was diachronous; in the Bees Nest Pit, it is Serravallian in age, whereas in the 43 
Kenslow Top Pit, it is Tortonian in age (Pound et al., 2012; Pound & Riding, 2016). This said, it 44 
retains the designation as a single member based on identical lithology and similar fossil contents 45 
in each occurrence. The pollen assemblages show that the vegetation changed from being a sub-46 
tropical conifer dominated forest in the Serravallian to a warm-temperate mixed forest during the 47 
Tortonian (Pound & Riding, 2016). Despite the past, present and ongoing work to understand the 48 
vegetation preserved in the Kenslow Member, no research has been undertaken on the non-49 
pollen palynomorph (NPP) component of the palynology preparations. This paper represents the 50 
first results of such study, which has, to date, concentrated on the fungal component of the NPPs. 51 
During ongoing palaeoecological study, abundant fungal remains were recovered. None of the 52 
taxa recovered to date are forms useful for constraining the age of the deposit, but are indicative 53 
of specific palaeoecological conditions present in the Brassington Formation. From these 54 
remains, we here define and describe three new fungal species. These new species are then used 55 
to further refine the palaeoenvironmental interpretation of the Kenslow Member. 56 
 57 
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2. Materials and methods 58 
The samples came from the type section at Bees Nest Pit (53.09°N, 1.64°W) on Manystones 59 
Lane east of the village of Brassington, Derbyshire (Fig. 1, 2). In addition to standard sediment 60 
samples, an exceptionally large sample of fossil wood, likely a segment of trunk, was collected 61 
(Fig. 3). This trunk, like many other wood remnants in the Kenslow Member, contains insect 62 
borings and fungal damage, as well as deep cracks as a result of desiccation prior to fossilisation 63 
(Fig. 3). Clay, charcoal, and wood fragments are present in the majority of the cracks (Fig. 3). 64 
This poorly sorted material from voids in the trunk segment was extracted for palynological 65 
processing (Fig. 3). One gram of clay was processed using 10ml of 35% hydrochloric acid 66 
followed by two treatments with 40ml of 40% hydrofluoric acid. The residues were then 67 
mounted in glycerine jelly, studied with a Leica DM750 microscope, photographed with a Leica 68 
ICC50 W camera and annotated using Leica LAS version 4.8 software. Slides were analysed at 69 
400x magnification and photomicrographs were obtained at 1000x magnification using oil-70 
immersion objectives. Fungi were identified using modern morphological methods for 71 
identification of Hyphomycetes (Nuñez Otaño et al., 2017; Seifert et al., 2011). 72 
 73 
3. Results 74 
Below we describe the new taxa from the Kenslow Member of the Brassington Formation (Fig. 75 
1). All holotypes and paratypes are stored in the collections of the British Geological Survey, 76 
Keyworth, Nottingham, UK. Each specimen has been assigned a unique MPK museum accession 77 
number (MPK 14619 – MPK 14623), slide numbers and England Finder coordinates are also 78 
provided. 79 
3.1.Comment on Nomenclatural Issues 80 
There are four competing methods for naming fossil fungal palynomorphs; these are: 1) give it 81 
the same name as a modern fungus (e.g., Diporotheca rhizophila; Hillbrand et al. 2012); 2) add 82 
various suffixes & prefixes to the modern fungus name to indicate a fossil form (Palaeo-, Palae-, 83 
Paleo-, Para-, Pro-, Proto-, Pseudo-; -ates, -inites, -ites, -nites, -onites, -opsis, -phycus, -spora, -84 
sporites, -sporonites, -thallos; e.g., Hypoxylonites sp. or Palaeoamphisphaerella sp.; Kalgutkar 85 
& Jansonius 2000; 3) use Saccardo Spore Groups to classify form-genera and/or modern genera 86 
into seven major morphological categories (e.g., Monoporisporites; Seifert et al. 2011; Jansonius 87 
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& Kalgutkar, 2000); and 4) use a lab-code designation until it can be assigned to a modern taxon 88 
(e.g., HdV 10; van Geel 1978; Miola 2012; O’Keefe & van Asperen 2017). Fungal genera are 89 
known to be long-ranging (Taylor et al. 2015), and while use of modern genera are clearly 90 
appropriate in many cases, such as those described in this work, this is not always the case. The 91 
lab-code system is accepted by many Quaternary and modern palynologists, however, it is not 92 
widely accepted by those working on geological time scales, as it essentially states, we have a 93 
taxon, we do not know what it is, so we are giving it a number, and while the intent is to 94 
eventually determine what it is, in practice, the lab-codes are used extensively as identifications. 95 
Fungal taxa are given a unique identifier via MycoBank and other databases; assigning it a 96 
separate lab number is redundant. Additionally, if fossil taxa can be assigned to a modern taxon, 97 
they must be re-assigned, as it is a violation of the Melbourne Code to use form-genera or fossil 98 
names where such assignment can be made (McNeill et al. 2012; Zhang et al. 2013). For this 99 
reason, and taking into consideration the relative evolutionary stability of many fungal clades, 100 
we have deliberately chosen to follow Nuñez Otaño et al. (2017) and use modern generic names. 101 
3.2.Systematic palaeontology 102 
 103 
Kingdom Fungi 104 
Phylum ASCOMYCETES 105 
Class  EUROTIOMYCETES 106 
Family Incertae Sedis 107 
Genus Rhexoampullifera (M.B. Ellis) P.M. Kirk & C.M. Kirk 108 
Rhexoampullifera stogieana sp. nov. 109 
MycoBank MB 821979. Plate 1, figures 1-6; Plate 3, figures 1-3. 110 
Description. Fungal conidia, (n=10) 10.9-12.7 (x̄ = 12.1) micrometres wide and (n=10) 65-71.6 111 
(x̄ = 67.3) micrometres long; wall 1-2 micrometres thick (table 1). The conidium is generally 112 
straight, but may be slightly bowed. It has four cells arranged semi-symmetrically around a 113 
central septum, which is somewhat obscured by darkening of the conidial wall. The central 114 
septum is (n=7) 5.9-7.7 (x̄ = 6.68) micrometres wide. Cells on either side of the central septum 115 
are 14-15 micrometres long, and may be cylindrical to slightly doliform. Septae on the far wall 116 
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of these cells are approximately (n=7) 5.9-7.4 (x̄= 6.6) micrometres wide. The cells beyond these 117 
septae are shorter than the central two, approximately 3-7 micrometres long and tapers slightly to 118 
the next septum, which 5-6 micrometres thick and 6-7 micrometres wide. While the majority of 119 
the conidia is highly melanised, the apical cell is both hyaline and torn. Where present in any 120 
significant length, this apical cell flares and has a slightly “frilly” aspect, giving it a collarette-121 
like appearance. It is 6 micrometres wide at the septum and flares to 7 micrometres at the edge. 122 
The wall thins from 2 micrometres to less than 1 micrometre at the edge. Where truncated, the 123 
polar cell may appear cup-like, with short extensions of the cell wall extending from the basal 124 
septum. 125 
Holotype. Specimen MPK 14619, Slide BNWS 2-3 EF: K50-4 126 
Paratype. Specimen MPK 14649, Slide BNWS 1-2 EF: R38-3 127 
Etymology. The species name refers to the cigar-like shape of the conidia and is named after a 128 
stogie – a thin elongate type of cigar. 129 
Location. Bees Nest Pit, Brassington, Derbyshire, UK. 130 
Remarks and comparisons. This conidia is prone to breaking on either side of a septum, 131 
especially the middle septum. It is remarkably similar to conidia of Sporoschisma nigroseptatum 132 
(Goh et al., 1997), having central cells longer than the penultimate cells and hyaline polar cells 133 
and similar variations in septal thickness. The genus Sporoschisma contains taxa with conidia 134 
that share significant numbers of features with Rhexoampullifera, especially S. phaeocentri and 135 
S. nigroseptatum. By definition, conidia of Sporoschisma are ‘phialoconidia,’ meaning that they 136 
develop in a phialide (Nag Raj & Kendrick 1975); no evidence has been found for phialides in 137 
samples from Bees Nest. In Sporoschisma, each conidium is generally cylindrical, multi-septate, 138 
melanised, has smooth walls, and pale terminal cells that have flattened or rounded ends. They 139 
range from 20-48 μm long and 7.5-15 μm wide (Nag Raj & Kendrick 1975; Goh et al. 1997); the 140 
conidia length is longer in all specimens of R. stogieana encountered during this study. The cell 141 
size in Sporoschisma conidia is generally uniform, however both S. uniseptatum and S. 142 
phaeocentri have cells that frequently vary in size (Goh et al. 1997). Slight inflations in 143 
individual cells may occur, producing a doliform appearance, as is seen in some examples of R. 144 
stogieana. S. nigroseptatum sometimes has variations in cell size that produce a pattern of 145 
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hyaline polar cells, narrow cells, and broad cells as is seen in R. stogieana, but more importantly, 146 
has a broad band of dark pigmentation across each septum, largely obscuring its features (Nag 147 
Raj & Kendrick 1975, Goh et al. 1997; Seifert et al. 2011). Indeed, when using the key contained 148 
in Seifert et al. (2011), R. stogieana keys out as S. nigroseptatum, however, being nearly twice as 149 
long as S. nigroseptatum, on average, and given the presence of the hyaline “frilly” torn cells at 150 
either end of the conidium, which are indicative of rhexolytic abscission, we feel that this 151 
Miocene conidia is not a representative of Sporoschisma. Sporoschisma has schizolytic 152 
abcission. R. stogieana has similarities to conidia of Dactylaria (Goh & Hyde 1997). It is most 153 
like D. lignicola in that it is a long, narrow, conidia with 5 septae arranged more-or-less 154 
uniformly around the central septum, however, D. lignicola differs from our specimens in that it 155 
is narrower, lacks the thickened walls across the septae, and is uniformly hyaline. R. stogieana 156 
resembles Ampulliferina, especially unfragmented chains of two conidia of A. persimplex, which 157 
produce the appearance of a four-celled conidium with a darkened, thickened central septum 158 
(Sutton 1969). A. persimplex, however, lacks the frilly, hyaline polar cells of our specimen. 159 
Ampulliferina as a genus has schizolytic fragmentation, unlike R. stogieana. The modern genus 160 
Rhexoampullifera contains two taxa with similarities to R. stogieana: R. fagi and R. moravica 161 
(Koukol 2012; Ellis & Ellis 1985; Kirk 1982). Indeed, R. moravica is quite similar in that it 162 
forms cylindrical, catenate conidia with 3-4 septae, not including those as the poles, and tends to 163 
be highly melanised. In R. moravica, the conidia form conidial chains; the polar cells of the 164 
conidia are often much shorter than the other cells. The polar cells may be more hyaline than the 165 
rest of the conidium and may take on a slightly ragged appearance, much like those seen in R. 166 
stogieana. It is not unusual to see a polar cell as the terminus on one end of the conidium and a 167 
rimmed, cup-like cell on the other (Koukol 2012). Unlike any specimen of R. stogieana 168 
recovered to date, the terminal conidum has a rounded to pointed apex. Conidia of 169 
Rhexoampullifera range in size from 23-45 μm long and 4-6.5 μm wide, excepting where they 170 
have a doliform shape, in which case they may be up to 13 μm wide (Kirk 1982; Castañeda-Ruíz 171 
et al. 2001; Koukol 2012). In all cases, the conidia of modern Rhexoampullifera are shorter than 172 
those of R. stogieana. This feature and the age of the present examples together warrant erection 173 
of a new species. R. stogieana was most abundant in the clay scraped out of cracks in fossil 174 
wood specimens collected from the Kenslow Member as exposed in the Bees Nest Pit in 2012 175 
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and 2017 (Fig. 1, 3). As such, we propose that it was likely saprophytic on wood in freshwater 176 
alluvial settings, much like R. moravica (Koukol 2012). 177 
 178 
Rhexoampullifera sufflata sp. nov. 179 
MycoBank MB 821980. Plate 1, figure 7-12; Plate 3, figures 4-5 180 
Description. Fungal conidia, (n=5) 58.4 to 66 (x̄ = 61.3) micrometres long and (n=5) 13.1 – 15.6 181 
(x̄ = 14.5) micrometres wide at the widest point; wall ranges from (n=5) 1.6 – 0.8 (x̄ = 1.3) 182 
micrometres thick (Table 2). Septae are broad, (n=5) 4.2-6.9 (x̄ = 5.8) micrometres in thickness, 183 
and somewhat obscured by wall darkening across the septal area. Conidia are somewhat 184 
constricted at the septae. Conidia are less symmetrical than those of R. stogieana and have a 185 
pronounced doliform to globose cell on one side of the central septum. This inflated cell is 186 
longer (n=4; 21.8-19; x̄ = 20.2 micrometres) than the slightly doliform cell (n=4; 10.2-15.7; x̄ = 187 
12.9 micrometres) on the other side of the septum. Conidia is strongly melanised, however the 188 
apical cells are hyaline and torn. The apical cell on the bulging half of the conidium is has a 189 
slightly “frilly” aspect, giving it a collarette-like appearance. The apical cell on the non-bulging 190 
half of the conidium is truncated and appears cup-like, with a flattened bottom and short 191 
extensions of the cell wall extending from the basal septum. 192 
Holotype. Specimen MPK 14620; Slide 68110 EF: S68-4 193 
Paratype. Specimen MPK 14621; Slide 68110 EF: J48-1  194 
Etymology. The species epithet is the Latin word sufflata, meaning swollen or bulging. 195 
Location. Bees Nest Pit, Brassington, Derbyshire, UK. 196 
Remarks and comparisons. The conidia designated R. sufflata has some similarities with 197 
Sporoschisma, especially with S. uniseptatum and S. phaeocentri, whose cells frequently vary in 198 
size (Goh et al. 1997). R. sufflata is, however, 10 micrometers longer on average than similar 199 
species of Sporoschisma (Nag Raj & Kendrick 1975; Goh et al. 1997), and, like R. stogieana, 200 
has frilly and flattened end cells on the conidia indicative of uneven rhexolytic abcission.Conidia 201 
from modern Rhexoampullifera have many similarities to R. sufflata. All have characters 202 
consistent with uneven rhexolytic abcission (a frilly aspect to one terminal cell and a rimmed, 203 
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flattened, cup-like aspect to the other; Castañeda-Ruíz et al. 2001; Koukol 2012), and have 204 
darkenings across the septae. R. sufflata differs from R. stogieana in having a cell on one side of 205 
the medial septa that is significantly inflated. Also unlike R. stogieana, R. sufflata’s cells 206 
immediately on either side of the medial septum are asymmetrical: the inflated cell is longer than 207 
the slightly doliform cell. Conidia of R. subglobosa and R. fagi (Castañeda-Ruíz et al. 2001; 208 
Koukol 2012) often have doliform cells; indeed, R. subglobosa is nearly round. It is possible that 209 
R. stogieana and R. sufflata may represent end-members of a morphological series with 210 
increasing length and inflation of one cell bordering the medial septum (Plate 1, figures 9-12), 211 
however, the differences are sufficient that we feel a second species is warranted. R. sufflata was 212 
isolated from clay removed from cracks in fossil wood from the Bees Nest pit. Given this 213 
association and the modern association of R. moravica (Koukol 2012), we suggest an association 214 
with decaying wood in a freshwater alluvial environment, rather than occurrence on leaves, as is 215 
indicated for the highly doliform R. subglobosa (Castañeda-Ruíz et al. 2001) or for R. fagi (Kirk 216 
1982). 217 
 218 
Kingdom Fungi 219 
Phylum ASCOMYCOTA 220 
Class SORDARIOMYCETES  221 
Family Chaetosphaeriaceae 222 
Genus Chaetosphaeria  223 
Chaetosphaeria elsikii sp. nov. 224 
MycoBank MB 821981; Plate 2, figures 1-24; Plate 3, figures 6-9 225 
Description. Pentagonal-pyramidal monocellate fungal phialospore with five germinal openings 226 
on the proximal face and an attachment scar on the distal face. The dark brown cell wall thins at 227 
the germinal openings, producing a near-annulate appearance. Wall is psilate to faintly scabrate 228 
and slightly recurved between the openings, producing a near-lobate outline of the proximal face. 229 
The proximal face is slightly domed. When viewed proximally or distally, the cell has a star 230 
shaped outline, whereas when viewed laterally it has an oval to triangular outline. The cell is 20-231 
24μm in diameter across the proximal face; the distal pyramidal portion is nearly the same 232 
height. Cell walls are 1.5μm thick at most. A flattened area surrounding the attachment scar has a 233 
diameter of 3-4μm. 234 
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Holotype. Specimen MPK 14622; EF: L47-mid 235 
Paratype. Specimen MPK 14623, EF L50-mid 236 
Etymology. The specific epithet is in honour of William C. Elsik, who first described this 237 
conidium but did not validate it. 238 
Location. Bee’s Nest Clay Pit, Brassington, Derbyshire, UK. 239 
Remarks and comparisons. This conidium is very similar to both Angulinites psilatus ined. and 240 
Triangulinites staplinii ined. described by Elsik (1992) as part of short course notes for the 241 
American Association of Stratigraphic Palynologists (AASP)-sponsored short course in Houston, 242 
TX; no type specimens were indicated in this publication although both line drawings and 35-243 
mm slides accompany the descriptions. Elsik (1992) noted that this taxon occurs in Miocene – 244 
Recent sediments and may have been present in the Oligocene. Angular fungal conidia of this 245 
type are uncommon, and largely limited to the Hyphomycetes. This phialospore has similarities 246 
to the immature conidia of Arthrinium pterospermum as figured by Crous & Groenewald (2013; 247 
figure 15 D, E, & F) in its gross outline, size, wall thickness, and in having a near-annulate 248 
aperture where the conidia attached to the conidiophore (Crous & Groenewald, 2013). However, 249 
conidia of Arthrinium pterospermum is dorsal-ventrally flattened, while this specimen is 250 
ventrally pyramidal. A fossil form of Arthrinium, Arthriniites subterraneus ined. was described 251 
for a fusiform conidium from the upper Palaeogene-lower Neogene of Armenia, however, as the 252 
present phialospore is not fusiform, any relationship is discounted. The triangular outline 253 
apparent in an equatorial view causes it to resemble ascospores of Zopfiella lundquistii (Shearer 254 
& Crane 1978), especially in size, wall thickness, and apparent aperturation in this orientation. 255 
However, ascospores of Zopfiella are dorsal-ventrally flattened, while it is clear that this taxon is 256 
not. Some spores of the Entolomataceae (Co-David et al. 2009) have a superficial resemblance to 257 
C. elsikii in being psilate angular spores without bumps or ridges as ornamentation, however, C. 258 
elsikii has multiple apertures and is highly melanised, unlike members of the Entolomataceae. 259 
The aperturate pyramidal form of this taxon has some similarities to conidiogenous cells of 260 
Balanopsis (Seifert et al. 2011), however, it is much larger and more pigmented than the 261 
typically hyaline, 6-8 poroid cells of Balanopsis. This taxon is more similar to Chaetosphaeria 262 
novae-zelandie (Hughes 1965). C. novae-zelandie has 4-5 germ openings in the dorsal side of the 263 
pyramidal phialospore, which has a flattened area around the ventral attachment scar where it 264 
met the phialide. The present phialospore is somewhat larger than the maximum dimensions 265 
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recorded for C. novae-zelandie; given its size and age, we opt to erect a new species (Table 3; 266 
Hughes 1965). C. novae-zelandie has been isolated from decaying wood of various types 267 
submerged in freshwater lakes in New Zealand (Hughes 1965). We postulate that C. elsikii likely 268 
had a similar habit. 269 
4. Discussion 270 
The three new species are the first fossil fungal remains reported from the Brassington Formation 271 
and from the Miocene of the UK (Boulter 1971; Walsh et al. 1996; Pound et al. 2012; Pound & 272 
Riding 2016; Walsh et al. 2018). Chaetosphaeria elsikii belongs to the Chaetosphaeriaceae, 273 
which is one of two recognized families of the Chaetosphaeriales (Maharachchikumbura et al. 274 
2015). The order is predominantly comprised of wood-inhabiting saprobic fungi and has a 275 
cosmopolitan biogeographical distribution (Zhang et al. 2006). Extant species of Chaetosphaeria 276 
are known to inhabit decaying wood submerged in freshwater (Hughes 1965), decaying and 277 
well-decayed wood exposed aerially (Sivanesan & Chang 1995; Fernández & Huhndorf 2005; 278 
Atkinson et al. 2007; Mena-Portales et al. 2015), palm petioles (Hyde et al., 1999) and 279 
angiosperm leaves (Parungao et al. 2002; Costa & Gusmão 2015). Currently, no palms have been 280 
reported from the Brassington Formation and so it is likely that Chaetosphaeria elsikii was 281 
saprobic on either leaf litter or decaying wood (Boulter & Chaloner 1970; Boulter 1971; Pound 282 
et al. 2012; Pound & Riding 2016). Given that it was most abundant in clay scraped from voids 283 
in the large log, we suspect the latter. 284 
Rhexoampullifera species are widely distributed with a strong association with leaf litter and 285 
decaying wood in the tropics and temperate realms (Kirk 1982; Castañeda-Ruíz et al. 2001; 286 
Koukol 2012; Lunghini et al. 2013). They are known from laurel leaves (Kirk, 1982), 287 
myrtaceous leaves (Castañeda-Ruíz et al. 2001), and decaying hardwood (Koukol 2012). The 288 
modern association of Rhexoampullifera species with decaying wood and leaves, implies that 289 
Rhexoampullifera stogiana and Rhexoampullifera sufflata would have had comparable niches. 290 
The Kenslow Member has not only yielded abundant decayed wood, but also some leaves 291 
(Boulter & Chaloner 1970). Currently only gymnosperm leaves have been identified; other wood 292 
remains examined to date have been too badly degraded to identify. Pollen records show a 293 
diverse angiosperm assemblage was present during the Late Miocene (Boulter & Chaloner 1970; 294 
Pound et al. 2012), however, no Lauraceae or Myrtaceae remains have been reported to date 295 
from the Kenslow Member. Like C. elsikii, R. stogiana and R. sufflata are most abundant in 296 
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clays scraped from voids in the large log. Together, these lines of evidence suggest that 297 
Rhexoampullifera stogiana and Rhexoampullifera sufflata may have been saprobic on the 298 
abundant wood that has been reported (Boulter 1969; Boulter & Chaloner 1970; Pound & Riding 299 
2016). 300 
Based on modern species distributions, all three new taxa from the Brassington Formation were 301 
saprobic and likely inhabited the abundant decayed wood that has been recovered from the 302 
Kenslow Member (Boulter & Chaloner 1970; Pound & Riding 2016; Walsh et al. 2018). The 303 
presence of Chaetosphaeria strongly suggests that this wood was submerged in freshwater. The 304 
sedimentology of the Kenslow Member has been interpreted as a lacustrine or wetland 305 
environment, which is entirely compatible with the presence of saprobic fungi with a preference 306 
for submerged wood (Boulter et al. 1971; Walsh et al. 2018). Pollen-based palaeoclimate 307 
estimates for the wood-bearing Kenslow Member reconstruct a humid (though possibly seasonal) 308 
subtropical climate (Pound & Riding 2016). This warmer than modern climate may have 309 
supported a high-diversity of fungi in the mixed forests that contained Cryptomeria anglica – a 310 
tree whose extant relative (Cryptomeria japonica) reaches 40-60 m in height (Boulter 1969; 311 
Boulter & Chaloner 1970; Suzuki & Tsukahara 1987; Tsukada 1982; Pound & Riding 2016). 312 
Chaetosphaeria has previously been reported from the fossil record as Chaetosphaerites, 313 
whereas Rhexoampullifera stogiana and Rhexoampullifera sufflata are the first reported 314 
occurrences of this genus in the fossil record. Chaetosphaerites bilychnis was named by Felix 315 
(1894) for phragmosporae that resembled Chaetosphaeria found in Rhamnaceae wood from the 316 
Eocene of Azerbaijan (Felix 1894; Andrews Jr. 1970). This specimen contains four cells 317 
separated by walls with equal thickness to the outer wall, the lowest cell of the specimen is 318 
triangular in outline and the upper is semi-circular (Kalgutkar & Jansonius, 2000). Other species 319 
include Chaetosphaerites obscures (Ke & Shi) Kalgutkar & Jansonius 2000, Felixites 320 
pollenisimilis (Horst 1955) Elsik 1990 and Chaetosphaerites raoi (Ramanujam & Rao) 321 
Kalgutkar & Jansonius 2000, which come are reported from rocks dated to the Eocene-322 
Oligocene, Carboniferous and Miocene, respectively (Kalgutkar & Jansonius 2000). Germeraad 323 
(1979) compared a specimen from the Middle Eocene Richmond Formation of Jamaica to 324 
Chaetosphaeria, but this comparison was not maintained due to the hyphal structure of the 325 
Jamaican specimen (Germeraad 1979). To date, this is the first report of a phialospore of 326 
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Chaetosphaeria from the fossil record. Rhexolytic abscission, a characteristic of 327 
Rhexoampullifera, among other taxa, has been reported from fungal remains of the Early Eocene 328 
Princeton Chert from British Columbia, Canada (Klymiuk et al. 2013). This specimen was found 329 
as a saprobic aquatic ascomycete on remains of the enigmatic angiosperm Eorhiza arnoldii and 330 
compared to the extant Xylomyces giganteus, which is morphologically quite different from 331 
Rhexoampullifera (Klymiuk et al. 2013). Naming fossil fungal taxa has long since led to 332 
challenges in interpretation of paleoecology, and hampered our understanding of fungal 333 
evolution, diversity, and ecology. In the case of Chaetosphaeria, which not only reproduces 334 
sexually, forming a teleomorphic reproductive structure, but also asexually, producing 335 
anamorphic structures, use of modern identification methods is vital, otherwise each 336 
reproductive organ may be treated as an individual taxon, thus overinflating estimates of fungal 337 
species diversity in the past. Likewise, recognition of key characters, such as abscission scars, 338 
allows for fossil taxa to be accurately correlated with modern groups, rather than being placed in 339 
form-genera based on cell number and condition, thus resulting in underestimates of fungal 340 
richness in the fossil record. As palaeontologists build capacity to use modern mycological 341 
morphological methods, we are better able to constrain paleoenvironments. Additionally, as we 342 
are able to recognize both anamorphs and teleomorphs, we are able to define fossil holomorphs 343 
of fungi, a practice key to providing fossil evidence supporting molecular phylogenies. 344 
The cosmopolitan nature of Chaetosphaeria and Rhexoampullifera in the present day suggests 345 
that Chaetosphaeria elsikii, Rhexoampullifera stogiana and Rhexoampullifera sufflata should be 346 
found in other Late Miocene wood-bearing sediments deposited in freshwater settings, although 347 
perhaps not in tropical settings (O’Keefe, 2017). Fungal palynomorphs and fungal damage to 348 
wood have been reported in coals from the Nováky and Handlová mining districts of Slovakia 349 
(O’Keefe et al. 2011) and from the Mili coal in China. Fungal hyphae have been reported in 350 
wood from the Bükkábrány fossil forest in Hungary (Erdei et al. 2009; Bardet & Pournou 2015; 351 
Nikolouli et al. 2016) and biomarkers (that may be indicative of fungi) have been extracted from 352 
North Alpine Foreland Basin and Lubstów deposit woods (Bechtel et al. 2007; 2008). Like initial 353 
research on the Brassington Formation, palynological studies of these sites have typically been 354 
focussed on the pollen and spore content to reconstruct vegetation, with fungal remains either 355 
left unidentified or subject to ongoing research (Boulter 1971; Erdei et al. 2009; Worobiec 2009; 356 
Worobiec et al. 2009; Pound & Riding 2016; Worobiec & Worobiec 2017). Continued 357 
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palynological research, with a focus on identifying fungal remains to modern genera (where 358 
possible) rather than form taxa, will elucidate the full diversity and ecology of these Miocene 359 
warmer than present forests (Utescher et al. 2007; Pound et al. 2011). As fungi are a key 360 
component of the carbon cycle, understanding the fluctuations in fungal taxonomic and 361 
functional diversity with palaeoclimate changes could provide a better understanding of past 362 
changes in atmospheric carbon dioxide concentration (Clemmensen et al. 2013; Quirk et al. 363 
2014). This is of vital importance in the Miocene, where atmospheric carbon dioxide 364 
concentration reconstructions cannot be easily reconciled with wider palaeoclimate evidence 365 
(Knorr et al. 2011; Boyd et al. 2018). 366 
5. Conclusions 367 
The three new species of fungal palynomorph described from the Kenslow Member herein 368 
represent saprophytic members of the diverse forest ecosystem that grew under a warmer than 369 
present climate. The extant species of the new fossils are often associated with decaying wood in 370 
freshwater, which is consistent with sedimentological interpretations of the Kenslow Member. 371 
Identifying the Kenslow Member fungal remains to modern-affinities, rather than using form-372 
based taxonomy, has allowed a deeper insight into the palaeoenvironment of the Brassington 373 
Formation. As such we would encourage all palynologists utilising fungi to use taxonomic 374 
assignments based on fungal affinity, rather than form-based identification whenever possible. 375 
This work is an initial step forward in our knowledge of the palaeoecology of the Brassington 376 
Formation, as well as the taxonomic and functional diversity of fungal taxa in the warmer than 377 
modern Miocene forests of Europe.  378 
 379 
Acknowledgements 380 
Matthew J. Pound thanks the Northumbria University New Staff Development fund for 381 
facilitating the collaboration that has led to this publication. The fieldwork was made possible 382 
with a William George Fearnsides Fund granted by the Geological Society in 2013. Noelia B. 383 
Nuñez Otaño thanks the Fulbright Visiting Scholar program for facilitating collaborations with 384 
O’Keefe and others. We thank Maggie Stephenson of Morehead State University for aid in 385 
microphotography and obtaining measurements of microfossils. We are grateful to Jayne 386 
Spencer, the owner of Bees Nest Pit, for facilitating access to the site. Michael Lim is thanked 387 
 14 
 
for his help in the field. We thank two anonymous reviewers for their insightful comments that 388 
have greatly improved the final version of the manuscript. James B. Riding publishes with the 389 
approval of the Executive Director, British Geological Survey (NERC). 390 
 391 
Author biographies 392 
 393 
MATTHEW POUND is a senior lecturer in physical geography at Northumbria University. His 394 
research interests are in palaeoenvironmental and palaeoclimatic reconstructions using 395 
palynology, global-scale biogeography, and melissopalynology.  396 
JEN O’KEEFE is a palynologist and organic petrographer in the department of Earth and Space 397 
Sciences at Morehead State University. Her interests lie in improving processing techniques, 398 
melissopalynology, fungal palynology, and wetland ecology from the Cretaceous – Neogene.  399 
NOELIA B. NUÑEZ OTAÑO is a mycologist and science editor at the Autonomous University 400 
of Entre Ríos. She was a Fulbright Visiting Scholar at Morehead State University in 2017. Her 401 
expertise is in the study of fungal diversity from modern and ancient environments.  402 
JAMES B. RIDING is a palynologist with the British Geological Survey, based in Nottingham, 403 
UK. His palynological interests are wide-ranging and include Mesozoic-Cenozoic palynology, 404 
paleoenvironmental palynology, floral provinces, forensic palynology, preparation techniques, 405 
the history of palynology, and the morphology, systematics and taxonomy of dinoflagellate 406 
cysts. 407 
 408 
References 409 
Andrews Jr. HN. 1970. Index of Generic Names of Fossil Plants, 1820-1965. Geological Survey 410 
Bulletin, 1300:1-354. 411 
Atkinson TJ, Miller AN, Huhndorf SM, Orlovich DA. 2007. Unusual new Chaetosphaeria 412 
species from New Zealand:Intrafamilial diversity and elucidations of the Chaetosphaeriaceae‐413 
 15 
 
Lasiosphaeriaceae relationship (Sordariomycetes, Ascomycotina). New Zealand Journal of 414 
Botany, 45:685-706. 415 
Bardet M, Pournou A. 2015. Fossil wood from the Miocene and Oligocene epoch: chemistry and 416 
morphology. Magnetic Resonance in Chemistry 53:9-14. 417 
Bechtel A, Gratzer R, Sachsenhofer RF, Gusterhuber J, Lücke A, Püttmann W. 2008. Biomarker 418 
and carbon isotope variation in coal and fossil wood of Central Europe through the Cenozoic. 419 
Palaeogeography, Palaeoclimatology, Palaeoecology 262:166-175. 420 
Bechtel A, Widera M, Sachsenhofer RF, Gratzer R. Lücke A. Woszczyk M. 2007. Biomarker 421 
and stable carbon isotope systematics of fossil wood from the second Lusatian lignite seam of 422 
the Lubstów deposit (Poland). Organic Geochemistry 38:1850-1864. 423 
Boulter MC. 1969. Cryptomeria– a significant component of the European Tertiary. 424 
Paläontologische Abhandlungen B 3:279-287. 425 
Boulter MC. 1971. A palynological study of two of the Neogene plant beds in Derbyshire. 426 
Bulletin of the British Museum (Natural History): Geology 19:359–410. 427 
Boulter MC, Chaloner WG. 1970. Neogene fossil plants from Derbyshire (England). Review of 428 
Palaeobotany and Palynology 10:61–78. 429 
Boulter MC, Ford TD, Ijtaba M, Walsh PT. 1971. Brassington Formation: A newly recognised 430 
Tertiary Formation in the Southern Pennines. Nature. Physical Science 231:134-136. 431 
Boyd JL, Riding JB, Pound MJ, De Schepper S, Ivanovic RF, Haywood AM, Wood SEL. 2018. 432 
The relationship between Neogene dinoflagellate cysts and global climate dynamics. Earth-433 
Science Reviews 177:366-385. 434 
Castañeda-Ruiz RF, Gené J, Guarro J. 2001. A new species of Rhexoampullifera from leaf litter 435 
from Brazil. Mycologia 93:168-170. 436 
Clemmensen KE, Bahr A, Ovaskainen O, Dahlberg A, Ekblad A, Wallander H, Stenlid J, Finlay 437 
RD, Wardle DA, Lindahl BD. 2013. Roots and Associated Fungi Drive Long-Term Carbon 438 
Sequestration in Boreal Forest. Science 339:1615. 439 
 16 
 
Co-David D, Langeveld D, Noordeloos ME. 2009. Molecular phylogeny and spore evolution of 440 
Entolomataceae. Persoonia 23:147-176. 441 
Costa LA, Gusmão LFP, 2015. Characterization saprobic fungi on leaf litter of two species of 442 
trees in the Atlantic Forest, Brazil. Brazilian Journal of Microbiology 46:1027-1035. 443 
Crous PW, Groenewald JZ. 2013. A phylogenetic re-evaluation of Arthrinium. IMA Fungus 444 
4:133-154. 445 
Elsik WC. 1992. Short Course on Fungal Palynomorphs 26-28 February 1992. The American 446 
Association of Stratigraphic Palynologists. 362pp. 447 
Ellis MB, Ellis JP. 1985. Microfungi on Land Plants. Croom Helm publishers, London. 818pp. 448 
Erdei B, Dolezych M, Hably L. 2009. The buried Miocene forest at Bükkábrány, Hungary. 449 
Review of Palaeobotany and Palynology 155:69-79. 450 
Felix J. 1894. Studien über fossile Pilze; Zeitschrift der Deutschen Geologischen Gesellschaft, 451 
46:269-280. 452 
Fernández FA, Huhndorf SM. 2005. New species of Chaetosphaeria, Melanopsammella and 453 
Tainosphaeria gen. nov. from the Americas. Fungal Diversity 18:15-57. 454 
Germeraad JH. 1979. Fossil remains of fungi, algae and other organisms from Jamaica. Scripta 455 
Geologica, 52:1-41. 456 
Goh TK, Hyde KD. 1997. A revision of Dactylaria, with description of D. tunicate sp. nov. from 457 
submerged wood in Australia. Mycological Research 101: 1265-1272. 458 
Goh TK, Ho WH, Hyde KD, Umali TE. 1997. New records and species of Sporoschisma and 459 
Sporoschismopsis from submerged wood in the tropics. Mycological research, 101:1295-1307. 460 
Hillbrand M, Hadorn P, Cugny C, Hasenfratz A, Galop D, Haas JN. 2012. The palaeoecological 461 
value of Diporotheca rhizophila ascospores (Diporothecaceae, Ascomycota) found in Holocene 462 
sediments from Lake Nussbaumersee, Switzerland. Review of Palaeobotany and Palynology 463 
186:62-68.Hughes SJ. 1965. New Zealand Fungi: 3. Catenularia Grove. New Zealand Journal of 464 
Botany 3:136-150. 465 
 17 
 
Hyde KD, Goh TK, Taylor JE, Fröhlich J. 1999. Byssosphaeria, Chaetosphaeria, Niesslia and 466 
Ornatispora gen. nov., from palms. Mycological Research, 103:1423-1439. 467 
Klymiuk AA, Taylor TN, Taylor EL, Krings M. 2013. Paleomycology of the Princeton Chert I. 468 
Fossil hyphomycetes associated with the early Eocene aquatic angiosperm, Eorhiza arnoldii, 469 
Mycologia, 105:521-529 470 
Kalgutkar RM, Jansonius J. 2000. Synopsis of fossil fungal spores, mycelia and fructifications. 471 
American Association of Stratigraphic Palynologists Contributions Series 39:1-423. 472 
Kirk PM, 1982. New or interesting microfungi V. Microfungi colonizing Laurus nobilis leaf 473 
litter. Transactions of the British Mycological Society 78:293-303. 474 
Knorr G, Butzin M, Micheels A, Lohmann G. 2011. A warm Miocene climate at low 475 
atmospheric CO2 levels. Geophysical Research Letters 38:L20701. 476 
Koukol O. 2012. A new species of Rhexoampullifera (Pezizomycotina) from a rotten 477 
broadleaved trunk. Czech Mycology 64:73-78. 478 
Lunghini D, Granito VM, Di Lonardo DP, Maggi O, Persiani AM. 2013. Fungal diversity of 479 
saprotrophic litter fungi in a Mediterranean maquis environment. Mycologia, 105:1499-1515. 480 
Maharachchikumbura SSN, Hyde KD, Jones EBG, McKenzie EHC, Huang S-K, Abdel-Wahab 481 
MA, Daranagama DA, Dayarathne M, D’souza MJ, Goonasekara ID, Hongsanan S, Jayawardena 482 
RS, Kirk PM, Konta S, Liu J-K, Liu Z-Y, Norphanphoun C, Pang K-L, Perera RH, Senanayake 483 
IC, Shang Q, Shenoy BD, Xiao Y, Bahkali AH, Kang J, Somrothipol S, Suetrong S, Wen T, Xu 484 
J. 2015. Towards a natural classification and backbone tree for Sordariomycetes. Fungal 485 
Diversity 72:199-301. 486 
McNeill J, Barie FR, Buck WR, Demoulin V, Greuter W, Hawksworth DL, Herendeen PS, 487 
Knapp S, Marhold K, Prado J, Prud’homme Van Reine WF, Smith GF, Wiersema JH, Turland 488 
NJ. 2012. International Code of Nomenclature for algae, fungi and plants (Melbourne Code) 489 
adopted by the Eighteenth International Botanical Congress Melbourne Australia, July 2011. 490 
Regnum Vegetabile 154. Koelitz Scientific Books, Germany.  491 
 18 
 
Mena-Portales J, Guarro J, Gené J, Minter DW, Cantillo-Pérez T. 2015. Taxonomy, distribution 492 
and conservation status of some interesting hyphomycetes (anamorphic fungi) from La Palma 493 
Biosphere Reserve, Canary Islands. Boletín de la Sociedad Micológica de Madrid 39:15-28. 494 
Miola A. 2012. Tools for Non-Pollen Palynomorphs (NPPs) analysis: A list of Quaternary NPP 495 
types and reference literature in English language (1972–2011). Review of Palaeobotany and 496 
Palynology 186:142-161.  497 
Nag Raj TR, Kendrick B. 1975. A Monograph of Chalara and allied Genera. Wilfrid Laurier 498 
University Press: Waterloo, Ontario, Canada. 200pp.Nikolouli K, Pournou A, McConnachie G, 499 
Tsiamis G, Mossialos D. 2016. Prokaryotic diversity in biodeteriorated wood coming from the 500 
Bükkábrány fossil forest. International Biodeterioration & Biodegradation 108:181-190. 501 
Nuñez Otano N, di Pasquo M, Bianchinotti MV, 2017. The occurrence of Potamomyces 502 
palmarensis sp. nov. in the Late Holocene of El Palmar National Park (Colón, Entre Ríos, 503 
Argentina) and transfer of fossil species of Mediaverrunites to Potamomyces. Palynology 504 
41:267-277. 505 
O’Keefe JMK, Hower JC, Finkelman RF, Drew JW, Stucker JD, 2011. Petrographic, 506 
geochemical, and mycological aspects of Miocene coals from the Nováky and Handlová mining 507 
districts, Slovakia. International Journal of Coal Geology 87:268-281. 508 
O’Keefe, JMK. 2017. Fungal palynomorphs from the Miocene Heath Formation, Tumbes 509 
Province, Perú. Palynology 41, supplement 1:309-326. 510 
O’Keefe J, van Asperen E. 2017. Fungal Palynomorphs: an introduction to the microscopy 511 
session. VII Workshop on Non-Pollen Palynomorphs. 12-14 June 2017, University of Liverpool, 512 
Liverpool, UK. 513 
Parungao MM, Fryar SC, Hyde KD. 2002. Diversity of fungi on rainforest litter in North 514 
Queensland, Australia. Biodiversity and Conservation 11:1185–1194. 515 
Pound MJ, Riding JB. 2016. Palaeoenvironment, palaeoclimate and age of the Brassington 516 
Formation (Miocene) of Derbyshire, UK. Journal of the Geological Society 173:306-319. 517 
 19 
 
Pound MJ, Haywood AM, Salzmann U, Riding J.B, Lunt DJ, Hunter SJ. 2011. A Tortonian 518 
(Late Miocene, 11.61-7.25 Ma) global vegetation reconstruction. Palaeogeography, 519 
Palaeoclimatology, Palaeoecology 300:29-45. 520 
Pound MJ, Riding JB, Donders TH, Daskova J. 2012. The palynostratigraphy of the Brassington 521 
Formation (Upper Miocene) of the southern Pennines, central England. Palynology 36:26–37. 522 
Quirk J, Andrews MY, Leake JR, Banwart SA, Beerling DJ. 2014. Ectomycorrhizal fungi and 523 
past high CO2; atmospheres enhance mineral weathering through increased below-ground 524 
carbon-energy fluxes. Biology Letters 10:20140375. 525 
Seifert K, Morgan-Jones G, Gams W, Kendrick B, 2011. The Genera of Hyphomycetes. CBS 526 
Biodiversity Series 9. CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands, 527 
997pp. 528 
Shearer CA, Crane JL. 1978. Illinois fungi IX. Zopfiella lundqvistii sp. Nov., a new ascomycete 529 
from submerged wood. Transactions of the British Mycological Society 70:456-459. 530 
Sivanesan A. Chang HS. 1995. Pseudofuscophialis lignicola gen. et sp. nov. and Chaetosphaeria 531 
capitata sp. nov. from wood in Taiwan. Mycological Research 99:711-716. 532 
Sutton BC. 1969. Forest microfungi. I. Ampulliferina persimplex n. gen., n. sp. on leaves of 533 
Labrador tea. Canadian Journal of Botany 47:609-616. 534 
Suzuki E, Tsukahara J. 1987. Age structure and regeneration of old growth Cryptomeria 535 
japonica forests on Yakushima Island. The Botanical Magazine, Tokyo 100:223-241. 536 
Taylor TN, Krings M, Taylor EL. 2015. Fossil Fungi. Academic Press, Elsevier, 398 p. 537 
Tsukada M. 1982. Cryptomeria japonica: Glacial Refugia and Late-Glacial and Postglacial 538 
Migration. Ecology 63:1091-1105. 539 
Utescher T, Erdei B, François L, Mosbrugger V. 2007. Tree diversity in the Miocene forests of 540 
Western Eurasia. Palaeogeography, Palaeoclimatology, Palaeoecology 253:226-250. 541 
Van Geel B. 1978. A palaeoecological study of Holocene peat bog sections in Germany and the 542 
Netherlands. Review of Palaeobotany and Palynology 25:1-120. 543 
 20 
 
Walsh PT, Boulter MC, Ijtaba M, Urbani DM. 1972. The preservation of the Neogene 544 
Brassington Formation of the southern Pennines and its bearing on the evolution of Upland 545 
Britain. Journal of the Geological Society 128:519-559. 546 
Walsh PT, Collins P, Ijtaba M, Newton JP, Scott NH, Turner PR. 1980. Palaeocurrent directions 547 
and their bearing on the origin of the Brassington Formation (Miocene-Pliocene) of the Southern 548 
Pennines, Derbyshire, England. The Mercian Geologist 8:47-62. 549 
Walsh PT, Morawiecka I, Skawinaska-Wieser K. 1996. A Miocene palynoflora preserved by 550 
karstic subsidence in Anglesey and the origin of the Menaian Surface. Geological Magazine 551 
133:713-719. 552 
Walsh, P.T., Banks, V.J., Jones, P.F., Pound, M.J. and Riding, J.B. 2018. A reassessment of the 553 
Brassington Formation (Miocene) of Derbyshire, UK and a review of related hypogene karst-554 
suffosion processes. Journal of the Geological Society, doi:10.1144/jgs2017-029. 555 
Worobiec E. 2009. Middle Miocene palynoflora of the Legnica lignite deposit complex, Lower 556 
Silesia, Poland. Acta Palaeobotanica 49:5-133. 557 
Worobiec E, Worobiec G, Gedl P. 2009. Occurrence of fossil bamboo pollen and a fungal 558 
conidium of Tetraploa cf. aristata in Upper Miocene deposits of Józefina (Poland). Review of 559 
Palaeobotany and Palynology 157:211-217. 560 
Worobiec, G., Worobiec, E., 2017. Epiphyllous fungi from Miocene deposits of the Bełchatów 561 
Lignite Mine (Central Poland). Mycosphere 8, 1003-1013. 562 
Zhang N, Castlebury LA, Miller AN, Huhndorf SM, Schoch CL, Seifert KA, Rossman AY, 563 
Rogers JD, Kohlmeyer J, Volkmann-Kohlmeyer B, Sung G-H. 2006. An overview of the 564 
systematics of the Sordariomycetes based on a four-gene phylogeny. Mycologia 98:1076-1087. 565 
Zhang N, Rossman AY, Seifert K, Bennett JW, Cai G, Cai L, Hillman B, Hyde KD, Luo J, 566 
Manamgoda D, Meyer W, Molnar T, Schoch C, Tadych M, White Jr. JF. 2013. Impacts of the 567 
International Code of Nomenlature for algae, fungi and plants (Melbourne Code) on the 568 
scientific names of plant pathogenic fungi. APS Feature. St. Paul, MN: American 569 
Phytopathological society. doi:10.1094/APSFeature-2013-06 570 
 21 
 
Figures 571 
 572 
 573 
Figure 1. Annotated field photo of Bees Nest Pit (facing north from the south edge of the pit). 574 
Harborough Rocks is the topographic high in the background with the Hoben International 575 
ceramic, glass and refractory manufacturing plant juxtaposed in front of it. What remains of the 576 
upper-portion of the type section (Boulter et al., 1971) is visible in this view. The yellow box 577 
indicates where samples of the Kenslow Member were taken, including the wood fragment 578 
(Figure 3) from which the new fungal palynomorph species are from.579 
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 580 
 581 
Figure 2. The location of Bees Nest Pit on the dolomitized limestone near the village of 582 
Brassington, Derbyshire, central England. This map is adapted from Pound & Riding (2016) and 583 
Pound et al., (2012).584 
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 585 
 586 
Figure 3. Fossil wood fragment from the Kenslow Member of Bees Nest Pit. A. Photograph of 587 
the whole wood fragment specimen showing the actual fossil colour (cleaned section to the 588 
upper-left of the scale bar) and the location of the sediment filled crack that was sampled 589 
(arrow). B. Close up view of the sediment filled crack that was sampled for palynomorphs. The 590 
sediment contains abundant angular fragments of wood, charcoal and lithics in a clay matrix. 591 
Total scale bar length is 13 cm (cm scale is the smaller squares).592 
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 593 
Plate 1. Photomicrographs of the newly described fungal palynomorphs from the Kenslow 594 
Member of Bees Nest Pit, Derbyshire. EF = England Finder coordinates. Figure 1. Holotype of 595 
Rhexoampulifera stogieana, MPK 14619, EF: K50-4 (MycoBank number: 821979). Figure 2. 596 
Paratype of R. stogieana, MPK 14649. Figure 7-8: Examples of broken R. sufflatus, showing 597 
abcission near septae. Figure 9. Paratype of R. sufflata MPK 14621; EF: J48-1. Figures 10-11: 598 
additional specimens of R. sufflata. Figure 12. Holotype of Rhexoampulifera sufflata, MPK 599 
14620; EF: S68-4 (MycoBank number: 821980). Scale Bar = 20 micrometres.600 
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 601 
Plate 2. Figure 1-4: Holotype of Chaetosphaeria elsikii at varying focal levels, MPK 14622; EF: 602 
L47-mid (MycoBank number: 821981). Figure 1 is at a low focus level, graduating to a high 603 
focus level in figure 4. Figures 5-8. Paratype of Chaetosphaeria elsikii at varying foci levels, 604 
MPK 14623; EF: L50-mid (MycoBank number: 821982). Figure 5 is at a low focus level, 605 
graduating to a high focus level in figure 8. Figure 9-24. Additional specimens of C. elsikii. Scale 606 
Bar = 20 micrometres.607 
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 608 
Plate 3. Pencil sketches showing major features of R. stogiana, R. sufflata, and C. elsikii. Figure 609 
1-3. Examples of R. stogiana. Figure 2-6. Examples of R. sufflata. Figure 7-10. Examples of C. 610 
elsikii. Figure 7 is a top view, figure 8 is a bottom view showing the attachment scar, figures 9-611 
10 are side-views showing the conical shape of the grain and protruding apertures. Scale Bar = 612 
20 micrometres.613 
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Slide 
EF 
Coordinates Length Width 
L:W 
ratio 
maximum thickness of dark 
band obscuring septum End width 
Wall 
Thickness 
septum 
1 
Septum 
2 
septum 
3 End 1 End 2 
Wood Sample 
1-2 Q45/1 71.6 11.8 6.1 6.6 7 6.1 9 8.3 1.8 
Wood Sample 
1-2 H43/mid 69.8 10.9 6.4 5.9 5.9 4.6 8.2 8.2 1.2 
Wood Sample 
1-2 Q43/mid 65.7 12.5 5.3 7.4 7.7 6.8 10.3 8.6 1.3 
Wood Sample 
1-2 R38/3 65.0 11.4 5.7 6.8 6.6 5.5 8 7.8 1.1 
Wood Sample 
1-2 U42/1 65.6 12.5 5.2 6.5 6.1 4.9 9.5 8.7 1.3 
Wood Sample 2 H47/mid 65.0 12.7 5.1 6.1 7 6.3 10.1 7.8 1.2 
Wood Sample 2 N47/4 65.7 12.3 5.3 6.6 6.5 6.7 9 7.7 1.7 
JOMSUGL 907-
1 J44/mid 67.6 13.5 5.0 6.7 7.2 6.6 8.8 8.0 1.9 
JOMSUGL 907-
1 M45/1 70.6 12.3 5.7 7.9 8.1 7.2 8.6 8.5 1.9 
JOMSUGL 907-
1 R48/2 74.5 14.3 5.2 8.2 8.5 7.4 8.6 8.5 1.9 
Average Dimensions 68.1 12.4 5.5 6.9 7.1 6.2 9.0 8.2 1.5 
Table 1. Measurements of individual Rhexoampullifera stogieana specimens and average dimensions. All measurements are in mm. 614 
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Slide 
EF 
Coordinates Length 
Width 
at 
widest 
L:W 
ratio 
maximum 
dark 
band 
obscuring 
septum 
thickness 
width 
of 2nd 
widest 
cell 
width 
of 
narrow 
cell 
before 
hyaline 
cell 
Wall 
thickness 
MPA 68110 K2/2 58.4 15.3 3.8 5.5 11.2 9.0 1.3 
MPA 63613 J48/1 58.5 14.9 3.9 4.2 11.1 7.9 0.8 
MPA 63613 G2/mid 59.7 15.6 3.8 6.8 11.5 8.1 1.4 
Wood Sample 
1-2 Q38/mid 63.7 13.1 4.9 5.5 11.0 9.7 1.2 
JOMSUGL 907-
1 G45/1-3 66.0 13.5 4.9 6.9 11.2 9.2 1.6 
Average Dimensions 61.3 14.5 4.3 5.8 11.2 8.8 1.3 
Table 2. Measurements of individual Rhexoampullifera sufflata specimens and average dimensions. All measurements are in mm. 615 
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Slide  
EF 
Coordinates height Width 
Pore-
pore 
distance 
Diameter of flattened 
area near attachment 
scar 
Wall 
thickness 
MPA 
63613-1 K51/3 23.2 21.3 21.2 4.0 1.3 
MPA 
63613-2 L23/1 23.1 20.8 21.1 3.0 1.0 
MPA 
63513-2 U24/4 24.4 23.9 17.1 3.8 1.4 
Average Dimensions 23.6 22.0 19.8 3.6 1.2 
Table 3. Measurements of individual Chaetosphaeria elsikii specimens and average dimensions. All measurements are in mm. 
